Abstract: Optical non linear interactions changing the statistics of a light field are often counteracted by dissipative processes. Artificial structuring of the non linear medium can reduce dissipation and enhance the effect of the non linearity. For a non linear optical interaction to lead to optical noise reduction and quantum correlations, any dissipative coupling to a heat bath should be minimized. Such dissipations may be losses in the detector, losses in the nonlinear optical medium through photon absorption, scattering off impurities and inhomogeneities or scattering off phonons in the case of a condensed material. In some of the latter cases artificial structuring of the non linear medium may help. A photonic crystal band gap was suggested to reduce resonant and non resonant photon scattering [1,2] but has not yet been implemented for the purpose discussed here. Far away from electronic resonances of the material the most disturbing effect was found to be the interaction of the light beam with phonons. In an optical fiber, e.g. the noise reduction is hampered by guided acoustic wave Brillouin scattering (GAWBS) [3] . This refers to light scattering off acoustic phonons which may happen in the forward direction in a light wave guide.
For a non linear optical interaction to lead to optical noise reduction and quantum correlations, any dissipative coupling to a heat bath should be minimized. Such dissipations may be losses in the detector, losses in the nonlinear optical medium through photon absorption, scattering off impurities and inhomogeneities or scattering off phonons in the case of a condensed material. In some of the latter cases artificial structuring of the non linear medium may help. A photonic crystal band gap was suggested to reduce resonant and non resonant photon scattering [1,2] but has not yet been implemented for the purpose discussed here. Far away from electronic resonances of the material the most disturbing effect was found to be the interaction of the light beam with phonons. In an optical fiber, e.g. the noise reduction is hampered by guided acoustic wave Brillouin scattering (GAWBS) [3] . This refers to light scattering off acoustic phonons which may happen in the forward direction in a light wave guide.
One difficulty has been that theoretical modelling did not match with experimental squeezing data. Here we report on a quantitative comparison between theory and experiment where the modelling well matches the observed squeezing when including the effect of GAWBS. In a next step we investigated the reduction of GAWBS noise by modifying the phonon spectrum. The technique is related to cavity QED. Structuring the material on a microscopic scale does not only create a photonic crystal but also a phononic crystal [4] and may suppress phonon modes in a wide spectral range leading to a corresponding reduction of GAWBS. This opens a new area of cavity sound dynamics. While the phononic crystal suppresses some modes other modes may be enhanced which was exploited to transfer energy to just one phonon mode [5] .
Optical fibres have proven to be a useful tool in generating intense squeezed light pulses [6] . The nonlinear Kerr effect in these waveguides transforms the circular phase-space uncertainty region of a coherent state into a "squeezed" ellipse [7] . The asymmetric fibre Sagnac interferometer has been used for turning the tilted ellipse into amplitude squeezing [8] . In this scheme a bright and a weak pulse are counter-propagated through the optical fibre. Employing the auxiliary weak pulse for the translation of the uncertainty ellipse places, however, limits on the signal power and thus on the degree of light squeezing. Additionally, simulations of the quantum noise in such systems had shown only a qualitative but not a quantitative agreement with experiments (see for example [8, 9] ).
A novel and efficient alternative is to use polarization variables of light. The primary advantage arising from this change of variables is that the light polarization state can be determined using direct detection, in contrast to the optical quadrature variables which require local oscillator methods [10] . Polarization squeezing can be produced in optical fibre setups by overlapping two statistically identical, orthogonally polarized, intense quadrature-squeezed beams [11] . From the non commutation of the three independent polarization operators, which obey the SU(2) algebra, a set of state-dependent Heisenberg-uncertainty relationships are found. By defining the polarization variable basis such that only one parameter has a nonzero mean value, that is the parameter which contains the entire classical excitation, these can be simplified to a single uncertainty relationship. The plane orthogonal to the classical excitation, the so-called dark plane, contains an infinite set of conjugate variables. It is the plane in that the polarization squeezing is measured. Such states can be physically interpreted as, and indeed have been mathematically shown, to be equivalent to a bright beam (i.e. a local oscillator) and an orthogonally polarized, vacuum-squeezed beam superimposed in the same spatial mode [12, 11] .
Polarization squeezing opens many doors for the further characterization, manipulation and application of such states. The most important advantage is that a noticeably greater squeezing has been observed [11] , as a result of the circumvention of the intrinsic limitations arising from the use of weak auxiliary beams. Thus the polarization variables enable an explicit and complete characterization of the states produced in optical fibres.
The third advantage arising from this simplified setup is that it has allowed for qualitative quantum simulations
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of a fibre polarization-squeezing experiment [13] , a goal which has long been elusive. Simulations of the experiments were initially carried out using a modified quantum non linear Schrödinger equation taking into account Raman scattering. Neglecting the influence of acoustic phonons leads to a large deviation between experiment and theory for low energies. This indicates the importance of this scattering effect for the correct description of quantum pulse propagation in fibres. The results of the complete model [13] including scattering on both, acoustic and optical phonons agrees convincingly with the data for all energies and for many different fibre lengths as observed in further experiments [14] . The success of these quantum noise simulations reveals the power of the theoretical tools available. For future experiments a deeper understanding of pulse propagation effects as well as the optimization of the squeezing sources is expected. These investigations will focus on the reduction of the acoustic phonon scattering by implementing novel geometries of the photonic crystal fibres with the goal of generating purer squeezed states. The reduction of phonon scattering can be either achieved by using a shorter fibre with higher nonlinearity, or by suppressing the number of excited phonons that can interact with the photons. The main limitation of fibre-based sources of squeezed light stems from guided acoustic wave Brillouin scattering (GAWBS) at low intensities which leads to excess phase and polarization noise [3, 15, 16, 17] . In order to achieve squeezed states of high quality it is therefore important to reduce the harmful effect of GAWBS. In Photonic Crystal Fibres (PCFs), the light is guided by a photonic crystal structure surrounding the fibre core simultaneously acting as a phononic crystal which modifies the acoustic noise spectrum [18] . By measurements and simulations we have demonstrated a GAWBS-noise reduction in commercially available PCFs [19] . This gives rise to the prospect of fibre light squeezers exhibiting less excess phase noise, resulting in higher quantum state purity. Further improvement can be achieved by tailoring the photonic microstructure such that a reduction of phonons 'by design' is achieved. Ideally one could think of a phononic crystal built by fibre microstructuring that prevents phonons in a large bandwidth from entering the core [20] .
